The Lactobacillus acidophilus group is a phylogenetically distinct group of closely related lactobacilli.
Transduction systems of the L. acidophilus
Survival during passage through the gastrointestinal (GI) tract of humans is generally considered a key feature for probiotics to preserve their expected health-promoting effects (5, 11) . Survival of microorganisms during their transit through the GI tract requires the ability to sense and respond to the various and changing conditions present in the environment.
Bacteria generally sense and respond to environmental changes through two component systems (TCSs) . TCSs are present in the majority of Gram-positive and Gram-negative bacteria, and are one of the most important mechanisms for external environmental sensing and signal transduction (15, 37) . TCSs are involved in controlling a wide variety of physiological processes, such as chemotaxis, biofilm formation, stress, osmolarity, quorum sensing, and virulence (15, 38) . A typical TCS consists of a membrane-associated histidine protein kinase (HPK) and a cytoplasmic response regulator (RR). The former detects specific environmental signals and the latter regulates expression of genes.
Although the L. acidophilus group has received much attention in the past few years and some L. acidophilus group genomes have recently been sequenced and published (1, 19, 27, 35) , only little research has been done on TCSs in this bacterial group. Only recently, LBA1524/LBA1525 in L.
acidophilus was found to be related with acid tolerance, and LBA1430/LBA1431 with bile tolerance (3, 26) . Since so little is known about TCSs in the L. acidophilus group, we scanned TCSs in five genomes of this group and predicted function of putative TCSs. At the same time, we compared the differences between five members of this group based on TCSs.
MATERIALS AND METHODS

Sequence information
Complete genome sequences of L. acidophilus NCFM, L.
gasseri ATCC 33323, L. johnsonii NCC533, L. delbrueckii subsp. bulgaricus ATCC 11842, L. delbrueckii subsp.
bulgaricus ATCC BAA365, and Lactobacillus plantarum
WCFS1were obtained from the National Center for Biotechnology Information (NCBI, www.ncbi.nlm.nih.gov/ genomes).
Sequence analysis
Protein domain organizations were determined by SMART and Pfam (4, 31) . TMHMM 2.0 was used to detect transmembrane helices (17). Multiple sequence alignments were created using the CLUSTAL X software (34) . The evolutionary distances were calculated using the software package TREECON. The phylogenetic tree was generated by the neighbour-joining method using the software package TREECON (36) .
Identification of HPKs and RRs
The 
Classification of HPKs and RRs
For all HPKs and RRs detected, the protein domain 
Function prediction of HPKs and RRs
To get functional annotation of the HPKs and RRs, bootstrapped NJ trees of HPKs and RRs were constructed with whole sequences of HPKs and RRs respectively (Fig 2-3) . The phylogenetic analysis revealed nine major groups of the L.
acidophilus group HPKs (Fig. 2) . Five HPK groups (I, III, VII, VIII, IX) contain closely related sequences from all L.
acidophilus group examined (Fig. 2) . Thus, the sequences within each group are conserved in the L. acidophilus group Transduction systems of the L. acidophilus studied, may represent orthologs with common functions and likely involved in basic adaptation for environment. In contrast, the groups II, IV, V, VI contain the sequences from only some members. The results implied that the group II, IV, V, and VI were special for some members of the L. acidophilus group.
Lactobacillales-specific clusters of orthologous protein coding genes (LaCOGs) had been built using computational procedures in 12 sequenced Lactobacillales genomes (19) .
Most HPKs in group V belonged to LaCOG01758, including lp_0416, lp_3063, lp_1355, lp_3581, lp_3088, LJ0448, and LJ0764. The lp_0416 and lp_3581of L. plantarum were involved in QS, so we predicted the group V was related with QS. This result was consistent with previous research (10, 32 The phylogenetic RRs tree revealed 9 major groups for the L. acidophilus group RRs (Fig. 3) . Analysis of the two trees showed that all RRs pairing to a HPK of a certain group generally clustered together in the same branches of the RRs tree. HPK sequences were aligned by using ClustalW. The phylogenetic tree was generated by the neighbour-joining method using the software package TREECON. Eco_PhoR, HPK PhoR from E. coli (Protein code AP001050). The boxed HPKs indicate the functions of these sequences have been defined based on experiments (3, 10, 12, 22, (24) (25) (26) We could also identify some TCSs from each member of the L. acidophilus group examined putatively involved in susceptibility to the glycopeptide antibiotic vancomycin (Table   2 ). These TCSs showed similarities to VicK/VicR in Enterococcus faecalis and HPK48/RRP48 in L. sakei (22, 25) .
Vancomycin is widely used to treat severe infections by Grampositive bacteria. In lactic acid bacteria, the mechanism of resistance to vancomycin remains to be elucidated, although some lactic acid bacteria showed resistance to vancomycin. acidophilus group showed these lactic acid bacteria had adapted differently to fit their specific niches.
